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of controlled penetration in soils, techniques are outlined and
suggested which should help .the investigator estimate the resistance
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portable equipment. Included is a compilation of soil penetration
data from various locations. Additional work has also been completed
which enables the researcher to theoretically predict burial 3epths I
of impacting vehicles in stratiform soil or earth.
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Chapter 1

PROBLEM DEFINITION AND BACKGROUND

INTRODUCTION

1-1. (U) In recent years, there has been increasing interest in
earth-penetrating phenomena. Notable in this field is the work of
the Sandia Laboratories, Albuquerque, New Mexico. The prediction of
the depth of penetration of vehicles and the subsequent control of
this depth has many applications, both civilian and military. Such
information would be useful in:

a. making rapid geological surveys
b. determining the effectiveness of buried explosive charges
c. deployment of certain land/shallo'w water ordnanceI

1-2. (U) At a particular test site, to accurately predict penetration
depth, it is necessary to accurately forecast a parameter known
as the Soil Factor. The Soil Factor is a measure of the resistance
to penetration and, naturally, may vary from location to location.
In lieu of conducting a full-scale penetration test, in which all
parameters except the Soil Factor are well known, it would be
helpful to be able to predict the Soil Factor by completing a
simple test using portable equipment.

1-3. (U) The pentration test results reported thus far by Sandia
were obtained using right czrcularcylindrical vehicles with various
nose configurations. But, when "terra-brakes" (appendages) are
introduced to retard penetration, ;an additional technique may be
employed to adapt the present equations to tZhis application. Likewise,
additional methods are necessary when such vehicles penetrate through
strata of soils.

BACKGROUND

1-4. (U) Sandia Laboratories, Albuquerque, New Mexico, is currently
involved in investigating tho mechanisms of earth penetration.
Their research should cu1iminate in an analytically determined
equation. In the meanwhile, C. W. Young of Sandia has published in
ref.!erce (a) empirical penetration equations based on a rather

UNCLASSIFIED
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comprehensive test program of full-scale vehicles penetrating a
variety of targets (ref. (a)). The resulting equations are: For
velocities less than 200 feet per second (V< 200 ft/sec)

D = .53 S l in(l+2V" i0 - ) (1)

and for velocities greater than or equal to 200 feet per second
(V>200 ft/sec)

D = .0031 S N[Wj- (V-100) (2)

where:
D - Total depth of penetration, measured along the

path, ft
S - Soil Factor, dependent only upon soil properties
N Nose Factor, nose performance coefficient
W Weight of projectile, lbs
A Frontal area of orojectile, in2

V - Impact velocity, ft/sec

The nose-performance coefficient iz a funetion of the geometry of
the nose. For the convenience of the reader, these nose factors
are presented for various shapes in Appendix A.V

4 1-5. (U) The Soil Factor, S, is a function of resistance to pene-
tration of an object. Sandia reports refer to it as an "index of
penetrability". If a previous full-scale test has been conducted
in the very immediate area, the results of that test may be used
to determine a soil constant (using formula (1) or (2)) which may
be used for additional drops. It would be convenient and helpful
to be able to specify the soil factor after conducting just a
simple test using portable equipment. Some typical values of
S are included in Appendix B.

1-6. (U) To investigate the behavior of a controlled-penetration
vehicle, a technique must be developed to adapt equations (1) and
(2). These equations are for cylindrical bodies (described in the
introduction). A controlled-penetration vehicle has "terra-brakes",
appendages that increase the frontal (cross-section) area itmensely;
they act like earth-drag-brakes. Figure 1-1 shows such a prototype
used in NOL's investigation. These vehicles are designated by
the code ADST.

1-2
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Chapter 2

SOIL INVESTIGATIONS

DEVICES THAT MEASURE PESISTANCE TO PENETRATION

2-1. (U) An accurate forecast of tra resi3tance to tenetration at
a test site 4o essential in predicting expected depth of burial
of test vehicles. There are available two means of directly measuring
this "resistance", the Standard Penetration Tester (SPT) and the
Dynamic Cone Penetrometzer (DCP). Both work on the same principle,
essentially recording the number of blows from a falling weight

necessar-y to drive a rod through a given di3tance in the soil
(called the Blow Count). The difference between them is found in

their bulkiness and availability. The SPT is a standard piece of
equipment found world-wide wherever heavy construction is in evidence.
The results of a SPT may even be required in the local building codes.
This equipmsnt and itz associated drilling accessories weigh several
hundred pounds and are truck mognted. The DCP is very portable

weighing only about 30 lbs and is hand carried and hand operated.
it is a Sandia development (in its basic form) and has limited
distribution.

2-2. (U) a. STNDARD PENETRATION TESTER (SPT) - The Standard
Pertration Tester consists of the following essential components
(see Fig. 2-1):

i. a bammr-weight (140 lb)
ii. the necessary length of drill rod

Iii. a spli t spoon for recovering samples

The spoon is attached to the drill rods and lowered to t/., bottom of
a drilled hole that has been cleared of loose materii! by an auger.

* The spoon is seated in the bottom of the hole with a few blows of
the hamr-weight (usually about 6 Urches). The test ccnsizts of
counting the nmber of blows of the drop weight required to drive
the sampling spoon into the soil for a distance of one foot (some-
time@ recox.!.ed in one-half foot intervals). 'Th weig't is 140 lb
and the height of the fall is 30 inches. The spoon has an OD of
2 inches and an ID of 1 3/8 inches. A detaild description of the
procedure is containad ir- reference (b), as AS7N Test Designat2on
D1596-64 T. Additional information may be obtaine-d from refeL.nce (c).

ULS2-I
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2-3. (U) There is some correlation between the Soil F1 tor in
the Sandia terra-dynamics work (ref. (a)) and the Blow Count of
an SPT. Figure 2-2 is based on data found in reference (a). The
data represents more than one class of soils.

2-4. (U) b. DYNAMIC CONE PENETROMETER (DCP) - The Dynamic
Cone Penetrometer is a simple hand held soil penetrometer similar
in many respects to the SPT, "a scaled down version". It is a
development of the Sandia Laboratories, Albuquerque, New Mexico,
and reported in reference (d). The major components as depicted
in Figure 2-3 are:

i. a 12 lb weight
ii. necessary one foot sections of inch rod

iii. conical nose piece

2-5. (U) The operational procedures of the DCP and SPT are different.
The DCP starts at the surface and is driven into soil. The test is
stopped on.._ to note the blow count each foot and/or to join

* additional sections of rod for further penetration. This differs
from the SPT which is placed in a predrilled hole and must be ex-
tracted after each foot of testing to remove the soil sample from

A' the spoon.

2-6. (U) The NOL investigators were able to extend the use of the
DCP from a recommended 5 ft to a 10 ft depth without noticing any
unsatisfactory performance, provided that no more than 4 feet of
sections are above the ground at any time. The use of the DCP is
a one or two man operation, and requires about five minutes to
obtain a set of readings at one site hole.

SOIL FACTOR DETERMINATION FROM DCP TESTING

2-7. (U) In the process of evaluating prospective drop test sites
i) for the controlled-penetration vehicle, a large sampling of DCP
A data was collected. This data covers a variety of natural earth

topography: sand dunes, marshes, rice paddies, fields, etc. The
locations are in Southeast Asia and the eastern section of the
USA. This information is presented in Appendix C.

2-8. (U) The one interesting phenomenon, uncovered during the survey
of test sites, concerned marshes. It would seem reasonable, at
first thought, that wet soil is soft land. This is true. Yet,

A what keeps the water from draining off? One answer is the harder
bottom found underneath each marsh visited. The marsh may be like
a bog or quagmire for three to eight feet, but then it hardens
up promptly and forms a denser pan to hold the water.

2-2
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2-9. (U) In a recent test at the Naval Ordnance Laboratory Test
Facility (NOLTF), Solomons, Maryland, the opportunity arose to
conduct SPT asd DCP tests side-by-side. Some correlation does
exist between the "Blow Count" of the Dynamic Cone Penetrometer
(DCP) and the "Blow Count" of the Standard Penetration Tester (SPT).
These results are presented in Figure 2-4. 'tree least square
straight line fits are also sketched in. The equations of these
lines are:

1. all-points: (SPT) = .539+.506 (DCP) (3)
2. high-points: (SPT) = 4.63+.377 (DCP) (4)
3. low-points: (SPT) = 2.13+.265 (DCP) (5)

The Soil Factors, obtained from Figure 2-2, have also been in-
cluded along the ordinate axis. Thus, correlation between the
DCP testing in this field and the Soil Factor can be demonstrated.

2-10. (U) Figure 2-4 has been used in obtaining Soil Factors for
theoretically predicting penetration depths. These predicted
depths agree closely with actual data in tests. This will be
covered fully in Chapter 3.

2-11. (U) It is interesting to note that the slcpeof equation (5)
is about what is predicted from theoretical considerations for
the ratio of penetration of the ,DCP to SPT. If we let subscript
D pertain to the DCP and S to the SPT and make the ratio DD/DS,
one obtains:

2 a. using consQrvation of energy

i; wo 1 w
D

SDD ND k DD\ (6

-(6)
kS)Ds  NS wS

b. considering the system from the point of view of
an inelastic collision 2

W 2

DD IND XD D (D(7)

rAJ LWN

2-3
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where: w - weight of drop weight
W weight of total system
h - height of fall of weight

Using values for typical configurations of each penetrometer,

ND hD AD = .442 in2

S AS = 1.65 in2

ws  140 ibs wD =12.5 lbs

W = 218 lbs WD 17.5 lbs

W-s .642 D= .714
WS WD

We obtain: D
from equation (6) D 2

and from equation (7) D
D=.27Ds
S

UNDERWATER MOD OF DCP

2-12. (U) Since the Laboratory is interested in predicting the degree
of burial of a vehicle when it impacts on the bottom of a body of
water, the DCP has been modified for underwater use. TFhe instrument
would be operated by divers. The scheme is presented in Figure 2-5.

2-13. (U) The height of fall (of the drop weight) has been increased
such that the maximum force output when the weight strikes the
bumper is the same underwater as experienced in air.* This increase
in height "compensates" for the water's viscous drag acting cn
the drop weight.

2-14. (U) Typical results of testing the DCP in air and water are

(in pounds):
HEIGHT OF FALL

1.0 ft 1 ft 2 in
In Air 200-208 ---

In Water 180-185 200-208

The additional height needed is 2 inches.

*This should result in some correspondence between underwater testing

and dry testing. 2-4

UNCLASSIFIED
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2-15. (U) This modified DCP has not been employed in any actual
underwater tests yet, but the authors are confident about its
success.

FUTURE WORK

2-16. (U) The correspondence between the Soil Factor and the SPT I
blow count for a variety of soil types and the success with our
limited testing indicates that additional testing may yield a
correlation between the DCP and the Soil Factor for dissimilar
soils over a spectrum of soil hardnesses. The authors realize
that this is just a beginning, but the results seem to indicate
that further testing at harder sites and in different soils will
permit refinement of the present results and preparation of aI mathematical expression for the relationship between DCP blow
count and Soil Factor,

' 2-5
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Chapter 3

CONTROLLED PENETRATION INVESTIGATIONS

INTRODUCTION

3-1. (U) The NOL investigation of ground penetrating vehicles is
unique, in that the Laboratory is interested in minimizing the
penetration of the vehicle beyond its submerged depth. A particular
design of a controlled-penetration vehicle is shown in Figure 1-1.
It has a conical nose (1/d* 3) and drag plates (called "terra-
brakes") attached to the tail. The conical nose allows "effi-ient"
ground penetration to the submerged depth. At this point, the
"terra-brakes" greatly increase the drag on the vehicle and retard
its further travel.

3-2. (U) To design such a vehicle, the designer must determine
parameters such as "terra-brake" surface area, nose shape, etc.
It would be helpful to know how these parameters affect the total
performance of the vehicle. The penetration equations, developed
by the Sandia Laboratory, (see ref. (a)) are the key for developing
such an analytical tool.

CONTROLLED-PENETRATION VEHICLE ANALYS IS

3-3. (U) For drops into a homogeneous soil, (constant soil factor)
the performance of the controlled-penetration vehicle must be
analyzed in two parts: before and after impact of the "terra-
brakes". In part one the controlled penetration vehicle behaves
like a projectile with an "efficient" nose, and no "terra-brKes"
(see Fig. 3-1). Such a vehicle would penetrate to a depth D,
calculated using the Sandia equations. The velocity, V2, at
the point of full penetration (the point of impact of the "terra-
brakes") can be calculated as follows:

V2 = V 1  - T(l) (8)

* Ratio of nose length to major diameter.

3-1
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where: Vi = impact velocity of nose
T(1) = length of projectile, to the "terra-orakes"

3-4. (U) A parameter defined as the "equivalent area", AE, must be

calculated for part two ot the analysis. Consfder a hypothetical
projectile which has a flat nose. The area of this flat-nosed
projectile must be such that it will penetrate to the same depth

* . as the "efficient-nosed" vehicle, all other paremeterr remaining
constant. Mathematically, this area is:

2
AE A ( N2 ) (9)

where:
A cross-sectional a_'ea of controlied-penetration

vehicle
N1 - shape factor for the "efficient" nose

(1.32 for a 3 to 1 conicc! nose)
N2 - shape factor for the flat nose

3-5. W) When the "terra-brakes" impact the surfac .., several
parameters change, and part two of the analysis I-egins. At this
point, the vehicle is considered to be a new, flat-rosed projectile,
traveling at a velocity, V2. The frontal area, E, of the projectile
is the "equivalent area", AE, added to the "terra-brake" area, X.

E = A. + X (10)

With these parameters, the penetration, D', of the flat-nosed
vehicle beyond its submerged depth is calculated. This penetration
is considered to be the same as that of the controlled-penetration
vehicle.

PENETRATION INTO STRATIFORM SOIL

3-6. (U) Field tests have shown that the soil hardness varies at
different depths in the ground. In this situation, it is necessary
to consider the changing soil charact tristics to more accurately
analyze the performance of the controlled-penetration vehicle.
When the soil factor changes considerably, as in marshes, meaningful
data could not be obtained using the analysis for homogeneous soils.

3-7. (U) The analysis of the performance of the controlled-penetratior

vehicle in stratiform soil is long and tedious, especially when
numerous layers exist. Fortunately, it is p.ssible to program the
analysis and have the computer perf,.rm the computations. Such a
program, written in the BASIC language, is presented in Appendix D.
It is accompanied by a flow chart to help familiarize the reader" with

3-2
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the logic and operations of the program. It calculates the psre-
tration of the controlled-penetration vehicle with "terra-brakes"
and for comparison, without "terra-brakes".

ANALYSIS OF PENETRAITION INTO STRATIFORM SOIL

3-8. (U) The analysis of penetration into strau.iforin soil must be
divided into steps, which will be called events. An event will
occur when the nose or "terra-brakes" encounter a new layir.
The event number will be indicated by the index K.

3-9. (U) Event one is the nose hitting layer one. The penetratton,
D(1), is calculated, using the appropriate Sandia equatior and
assuming that no "terra-brakes" are attached to the projectile6
(see Fig. 3-2). This datum is needed to calculate the velocity,
V'2), when event two occurs. This velocity is calculated, using
equation (8), where T(O) is replaced by the distance between events
one and two.

3-10. (U) Event two is either the nose encountering layer two, or
the "terra-brakes" impacting the ground. Since the computer
"knows" the layer thicknesses and the dimensions of the vehicle,
it can determine what event two, and subsequent events will be.
If event two is the nose encountering layer two as shown 4'.n
Figure 3-2, the computer calculates D(2), the penetration of the
vehicle ceyond layer one. it uses the velocity, V(2), just cal-
culated and the Soil Factor, S (2), of layer two for this calculation.

3-11. (U) When the terra-brakex" impact the ground, as occurs
in event three of Figure 3-2, the effective nose shape of the entire
vehicle, and the frontal area suddenly change. A parameter defined
as the "equivalent area" must be calculated to define this new
frontal area as discussed previously. The "equivalent area" for

the analysis in stratiform soil can be described by considering
two hypothetical projectiles. The first has a nose and cross-
sectional area the same as the controlled-penetration vehicle.
It is considered to act in the same type of soil, S(I), being
penetrated by the nose of the controlled-penetration vehicle at
the event beinV considered. The second has a flat nose of area,
AE, and acts in the same type of soil, S(J), as the "terra-brakes".
The area, AE, defined as the ".equivalent area", is such tlat the
vehicles will penetrate the same distance, all other paramwters
being the same. Mathematically:

ALEA 1 (11).

3-3
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where (J) = soil factor of layer encountered by "terra-

brakes"

S(I) = soil factor of layer encountered by the nose

3-12. (U) The"equivalent area", AEDaddt h "terra-brake" area,

X, constitutes the total frontal area of the flat-nosed confiquration
for event (3) (see equation (10)). Using the soil factor, S(1),
for layer one, the penetration, D(3), of this configuration is
calculated. The program determines the type of event (4), recal-
culates the "equivalent area" and velocity and uses this data torcalculate D(4), the penetration of the nose beycnd layer (3). This
iteration process continues checking for the proper sequence of
events until the projectile comes to rest between events.

3-13. (U) Information about the soil being penetrated is entered
into the computer using statement 920. The format of this statemez;t
is:

920 DATA Z, S(1), M(l), S(2), M(2),....S(Z), M(Z).

M(Z), the thickness of the last layer, must be sufficiently large
to insure that the projectile will not penetrate beyond that layer.

DISCUSSION OF RESULTS

3-14. (U) Two test drops into stratiform soil have been made with
the controlled-penetration vehicle. The physical characteristics
of these vehicles and the results of the tests are list .. in
Table 3-1. Theoretical values of penetration were calculated using
the before mentioned program and are compared with the actual test
results in this Table. These theoretical results fall within
about 12 percent of the actual test results. Before any conclusions
can be made with this data, two factors affecting the theoretical
results must be discussed.

3-15. (U) As indicated in reference (a), the accuracy of the Sandia
equations is "strongly" dependent upon the accuracy with which the
soil factor is determined. In their testing program involving
about 200 drops, they experienced an error in depth prediction ex-
ceeding 20 percent in 9 percent of the tests and exceeding 25 percent
in less than 1.5 percent of the tests.

3-16. (U) A second factor affecting the predicted value of penetration
is the number of layerc which are considered in the analysis. Each
time the program performs an iteration to consider a new layer,
the value of penetration becomes inflated. This effect is demonstrated
in Table 3-2. In run #1, one infinitely thick layer is considered

3-4
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and the depth of penetration is calculated. In run #2, the soil
factor does not change but the program recalculates the velocity
of the projectile at four foot intervals and determines the pene-
trations from each of those points. The total penetration for
run #2 is 4.9 inches greater than for run Nl. For one foot intervals
(run #3), the penetration is inflated by 7.6 inches over run #1.

3-17. (U) With these considerations in mind, the designer must use
some discretion in preparing the data for this analysis. It is
preferable where feasible to consider drops into a homogeneous

soil. If the soil factor changes only slightly, the number of
layers considered should be kept at a minimum, or an average value
of soil factor shculd be used. For the two tests reported in
Table 3-1, two layers were assumed to exist to theoretically deter-
mine the penetration of the ADST vehicle. M.e one foot thick layers
were grouped such that the soil factor of each group of layers
differed by about unity. If the change in soil factor would have .
been greater, more groups or layers would have been considered in
the analysis. It is also important to note that the harder the
soil, the more sensitive will be the penetration to a change in
soil factor.

3-18. (U) Future field tests with the controlled penetration vehicle
should allow F-r:

a. corrections to be made in the analysis to
eliminate the problem of the predicted penetration becoming in--
flated after each iteration, and

b. the ability to more accurately determine the
soil factor.

These two improvements would help to inczrease the accuracy with which :
the penetration of the controlled-penetration vehicle could be

determined.

3-5
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TABLE 3-1

CONTROLLED PENETHATION VEHICLE, TEST RESULTS

Physical Characteristics:

Nose Shape Factor, NI 1.32 (conical nose, 1/d** 3)

Diameter (max), D 10.843 in

Length to "terra-brakes", T(1) 73.861 in, 6.155 ft

Length, to Tail 80.454 in, 6.704 ft

Area of "Lerra-brakes", X 272 in2

Weight 675 lbs

**Ratio of nose length to major diameter

3-6
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TABLE 3-2

EFFECT OF THE NUMBER OF LAYERS ON THE THEORETICAL RESULTS
(FOR ADST VEHICLE)

Impact velocity of nose (ft/sec) = 350
Impact velocity of terra-brakes (ft/sec) = 297.377

Layer No. Soil Factor Thickness (ft)
1 8 100

Pene. To Tail, with terra-brakes (ft) 3.64261
Pene. To Tail, W/O terra-brakes (ft) =15.4281

RUN #2

L K. Soil Factor Thickness (ft)
1 8 4
2 8 4

3 8 100

Pene. To Tail, with terra-brakes (ft) = 4.05454
Pene. To Tail, W/O terra-brakes (ft) = 17. 3956

RUN #3

Laver No. Soil Factor Thickness (ft)
1 8 1
2 8 1
3 8 1
4 8 1
5 8 1
6 8 1
7 8 1
8 8 1
9 8 1
10 8 1
11 8 1
12 8 100

Pene. To Tail, with terra-brakes (ft)= 4.27103
Pene. To Tail, W/O terra-brakes (ft) = 18.1301

3-8
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CONFIGURATION

FOR PART TERRA-BRAKES" (REMOVED)

CROSS-SECTIONAL AREA, A.

T (1)

'EFFICIENT"
NOSE CONFIGURATION

FOR PART 2

+ "EQUI. AREA", AE

'

V'

FIG. 3-1 ANALYSIS OF THE PENETRATION OF THE CONTROLLED-
PENETRATION VEHICLE INTO A HOMOGENEOUS SOIL.
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CONFIGURATION
FOR EVENT 1.

r ~ 7 ~ ~"TERRA-RAKES" (REMOVED)

CROSS-SECTiONAL AREA, A.

T (1) ~ -TAIL

CONFIGURATION
FOR I-VENT 3.

siEFFICIlENT"
NOSE

LM(1)

L (2)

FRONTAL AREA, E
"TERRA-BRAKE" AREA, X +

EQUI. AREA, AE.

NOSE SHAPE FACTOR
0.56 (FLAT NOSE)

L (3)

FIG. 3-2 ANALYSIS OF PENETRATION OF THE CONTROLLED-
PENETRATION VEHICLE INTO STRATIFOPJM SOIL.
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APPENDIX A

Nose-Performance Coefficients

(Based on 6.0 CRH**Tangent Ogive as 1.0)

Nose Shape Coefficient

Flat nose 0.56

2.2 CRH tangent Ogive 0.82

6.0 CRH tangent Ogive 1.00

9.25 Tangent Ogive 1.11

12.5 CRH Tangent Ogive 1.22*I
Cone, l/d* 2 1.08

Cone, l/d = 3 1.32

Conic step, cone,plus cylinder plus cone 1.28

Biconic, i/d = 3 1.31

Short inverse Ogive, l/d 2 1.03

Inverse Ogive. l/d = 3 1.32

*l/d is the ratio of the nose length to major diameter.

**Caliber Radius Head

A-I
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APPENDIX B

Soil Factor, S Physical Description
of Location

2-3 cemented dry lake bed

4-5 ice, glacier

7-9 average sod covered field,
= clay soil

10-11 sand dunes, moving

25+ first few feet of ooze in
a marsh

B-i
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APPENDIX C

DYNAMIC CONE PENETROMETER READINGS FROM VARIOUS

WORLD-WIDE LOCATIONS FOR VARIOUS
TYPES OF TOPOLOGY4

4

Wahigtn D.C

C-1*
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APPENDIX D

LIST OF PARAMETERS FOR COMPUTER PROGRAM H7H .438

A CROSS-SECTIONAL AREA OF PROJECTILE. (IN2)
B LENGTH OF "TERRA-BRAKES". (FT)

D DIAMETER OF PROJECTILE. (IN)I D(K) PENETRATION OF PROJECTILE AT EVENT K. (FT)

E(K) "TERRA-BPAKE" AREA, ADDED TO "EQUIVALENT AREA" AT EVENT K. (IN2s

L(1 ) DISTANCE FROM SURFACE TO LAYER I + 1. (FT)

M(I) THICKNESS OF LAYER I. (FT)

NI NOSE SHAPE FACTOR FOR AN "EFFICIENT" NOSE. (1 .32 FOR 3 TO 1 CON CAL NOSE)

N 2 NOSE SHAPE FACTOR FOR A FLAT NOSE. (0.56)

P DISTANCE FROM "TERRA-BPAKES" TO THE NEXT LAYER THEY WILL ENCOUNTER. (FT)

R DEPTH OF PENETRATION OF PROJECTILE. (T)

T DISTANCE FRCOM NOSE TO THE NEXT LAY" IT WILL ENCOUNTER. (FT)

T(I) LENGTH OF PROJECTILE, MEASURED TO 'TERRA-BRAKES". (FT)

V(I) IMPACT VELOCITY OF NOSE. (FT/SEC)

V(K) VELOCITY OF PROJECTILE AT EVENT K. (FT/SEC)

W WEIGHT OF PROJECTILE. (LBS)

X SURFACE AREA OF "TERRA-BRAKES-". (IN2)

Y Dl:PTH O PENETRATION OF PROJECTILE. (FT)

Z NUMBER OF LAYERS.

ABBREVIAT IONS
- THEREFORE

CALC- CALCULATE

EQU! - EQUIVALENT

PFNE- PENETRATION

PROJ - PROJECTILE

VEL - VELOCITY

D-I
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1, j I 1 141, K =Kil

CALC. PENE., D (K), USING S (1), A & CALC. VEL. WHEN NOSE
HITS LAYER_(141), USiNG D(K)

CALC. P NO,
EVENT (K4I) OCCURS

NO, EVENT (K + 1) IS
is NOSE HITTING LAYER (141) Is

P sm (1) D (K,!S M (1)

'K 

('

YES, EVENT (K4,I) IS
PLATES HITTING LAYER (J) YES, PROJ. STOPS

VBEFORE
j I (r 4 1)V (r

EVENT OCCURS
IE-OPE

ENT , I ) OCCURS
S 

PROJ 

STOPS
YES PROJ. STOP' BEFORE 14L TDEFPqTH OF RENT DEPTH OF PENE00 - i _PtRN OC(IU'
EVENT (K+1) OCCURS.

NO, .: EVENT CK t 1) OCCURS
CALC,"FQUI. ARER', AE

CALC. VEL. WHEN ?LATES HIT LAYER (J)

cALc-. PE1,1E., D IX), USING S (J), E (K), & N2

CALC. T

NO, .: F.IENT (K+I) IS is
j J+j P=M(Ji -

PLATES ENTERI NG LAYER (J+ 1) M (J) S T

YZ , EVENT tK+I) IS NOSE
ENTERING LAYER (1-1)Z EV 

+ ) I N

ENT M 'S- T-03E

IS

fE ERING 
EIR (1 1) NJ

0 N) T
CALC. VEL. WHEN NOSE YES,.: EVENT 

is 0'

HITS LAYER (1+1) T
FK-I)OCCURS. PROJ. STOPS

BEFORE
) EtEEVENT (r 1)
0 C 4T

CCURS

CALC. EQU,. AREA, AE j NO,.: EVENr (K+I)
IS NOSE HITTING

CALC. NE, D (K), USING S (1), E (K), & N2 LAYER 0 11).

is
CALC. P M (J)ap

YES,.: 'EVE N*T (K 1) IS
PLATES PITTING LAYER (1;I)

- INDEX INDICATING LAYER THAT NOSE 15 TqAVEL11s* IN
J - INDEX INDICATING LAYER THAT "TEqRA-BRAKES" ARE TRAVELI,'IG IN
K -INDEX INDICATING EVENT NUMBER

FLOW CHART FOR COMPUTER PROGRAIM H7H433
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COMPUTER PROGRAM H,77i 43a

I!,) L. If L

14 tC0 fr 3l1(I

34 ) F i I I

1 'p) L5ET L I3*3~/

190 LcT E-,)
-!03) Let T-)
:!I* LET 1-1
V1'1' LET "!-I
222 LET '.T(1)-V
Z43 IF V((.t.A T.('l 24')
211) LET 0').31$3.3(LA.$(~(-'~
Z4')

*17 ciw') ?.T~92
.?SO LET 0(I(3-$3*S(I)WI*C'4A)*..L3G(3..023.2(3.flw
2*73 If '..IWtfp TWV 34.2
333 If OCK)4-W() TkM'l M3
310 LET fSL(J)
3M3 LET v(.)~~.3'()0(3
33-) Let .3
3491 SAr1r .
350) z43 n3o
34') LU J-3
3)0 IF OC92-.' T9E?1 71)
143 Lrr Y.Y.
M-9 SAT T-LCI)-Y
400 Let
41 A LET VCKI(.).YJ()*CI3PVOC~lD#.S
AeO LET K-K.I
43-3 LET E-FIs
:A3 IF Z: T1IEW 443
4523 LET 0.V(00
443 IF VC40.200 TWEV 493
470 LET O).'3..$eJE)7..V.-0)
4-W2 G-112 132
4*2 LET ().3SJ5s7f(E).1(.C32VE2
512 IF 14CJI-.? tjXE $50
$30
520 LET P.4(cjl
$3') LET Jv.l
50 GSTZ 370
553 :r 0(3C)..T rWIEW 700
$SO LET V(K.I2.Y(W)sCI-0CvW2)9.$
579 LET r.CI)
W4 LET I11t

$93 LET W-4-1
6003 LET E(lC).AOsC$J)e.$4J($(1).1*)?2.C
610 IF (7.3 THt'4 40
420 LET ~.03SJ.$i~C~)..VE32
433 GaTs 64.
Gal LET 04.$.C). (~(C)..3 3.33~C)2
'50

-t" U 2LT PcLCJ)-Tt!)*t
673 t5 '((3)..? TW.V $)2
499 LET Te'('3)

100' 0,111T -I-P&CT VEL. CF V')EE (1T/SEC).-VI)l
710 PzRV4 -':rVEL. Or TE444A-q4WcES £rT/tEC).2)
720 PR4W
7)3 P43W? "LATCA V'..- L cTr41(tM
7.6 3. I4'l------------------------------------------------
7$SO r3i t.1 r3 Z

*740 PIlWT t.$(3).lN(17
770 '(EIT I
Ing) P41,41'
M9 LET 4.3
WO0 LET S.3
610 IF VCI).2M 7NE1 40
M70 LET Oct)'..0433 52 Weu)..Vt-2
A32 WeT £50

* ~~440 LET 0( .$S( .4 CCA .WGI .)'4SV )q

Li4, LET R.4.M(3)
RI0 LET V(.II*VCI2qCI-m(3)ID(3))V.4
143 Let I.t~t

*" Gar*~f 430
931 P41WV? PE*E. TZ 141L, 43Tm'TI~mA! ?~04T1-

93) 41V'T -Ct T3 T41L. ' t .)1 *T."(IS-

431 DATA 7

4W. DATA 3$')
'4" tO
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